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LQWHJUDWHG ZLWK D UHDO WLPH YLVXDO LPDJLQJ V\VWHP IRU FRQWLQXRXVO\ VFDQQLQJ WKH SUREOHP DUHD WR





HOHYDWLRQPDSV DQG WR GHWHFW GLVWXUEDQFHVRI HDUWK¶V VXUIDFH$OO WKHVHSRLQW WR WKH IDFW WKDW VWURQJ
UHOLDEOHDQGSHUVRQLQGHSHQGHQWPRQLWRULQJV\VWHPVQHHGWREHLQWURGXFHGDW,QGLDQRSHQFDVWPLQHVRQ
DQ XUJHQW EDVLV2SHQ FDVWPLQHV LQ ,QGLD FXUUHQWO\ DUH SODQQHG DW VLJQLILFDQW GHSWKV RIWHQ EH\RQG
ZRUNLQJH[SHULHQFHDQGNQRZOHGJHEDVHRILQGXVWU\,WLVDQWLFLSDWHGWKDWQHZJHRWHFKQLFDOSUREOHPV





VORSH VWDELOLW\DQDO\VLV DUH LQVXIILFLHQW )XUWKHU VORSH IDLOXUHV FRQWLQXH WR WDNHSODFH FDXVLQJKXPDQ
DQG ILQDQFLDO ORVV WR DQ\ RUJDQL]DWLRQ 7KLV SDSHU JLYHV DQ LQVLJKW LQWR WKH UHFHQW DQG HPHUJLQJ
WHFKQRORJLHVIRURSHQFDVWVORSHPRQLWRULQJ
,VVXHRIVORSHVWDELOLW\LQRSHQFDVWPLQHV




FRPPHQVXUDWHO\ YHU\ KLJK WKHUHE\ LQFUHDVLQJ WKH ULVNV RI KLJK ZDOO VORSH DQG GXPS IDLOXUHV
WUHPHQGRXVO\ :LWK PRUH DQG PRUH VWULQJHQW HQYLURQPHQWDO GDPDJH FRQWURO UHJLPHV DQG QRQ
DYDLODELOLW\RIDOWHUQDWLYHODQGVIRUDIRUHVWDWLRQSXUSRVHVWKHULVNVDVVXPHYHU\FRPSOH[SURSRUWLRQV




















:KLOH LW LV YHU\ LPSRUWDQW WR KDYH JRRG JHRWHFKQLFDO GHVLJQV RI GXPSV DQG VORSHV HIIHFWLYH
PRQLWRULQJ DQG H[DPLQDWLRQ RI VORSHV IRU IDLOXUH ZDUQLQJ VLJQV LV WKH PRVW LPSRUWDQW PHDQV RI










LVGLIILFXOWDV WKHSRLQWRIXOWLPDWH IDLOXUH LVGHSHQGHQWRQDQXPEHURI IDFWRUV LQFOXGLQJ URFN W\SH
VORSH KHLJKW SUHVHQFH RI ZDWHU DQG WKH PRGH RI IDLOXUH 7KH EHVW GRFXPHQWHG VLJQ RI LPSHQGLQJ
IDLOXUHXVLQJGLVSODFHPHQWPRQLWRULQJUHVXOWVLVWKHLQFUHDVHLQWKHUDWHRIPRYHPHQWRIDQ\SLWZDOO
VORSH ,W LV WKHUHIRUHHVVHQWLDO WREHDEOH WRXVH UDWHRIJURXQGPRYHPHQWDVD WRRO IRUSUHGLFWLRQRI
LPPLQHQWZDOOIDLOXUHDIWHUWKHIUHTXHQF\DQGDFFXUDF\RIPRQLWRULQJLVDSSURSULDWHO\PDWFKHGWRORFDO
JURXQGFRQGLWLRQV
3UHYLRXVO\ VORSH PRQLWRULQJ WHFKQLTXHV ZHUH SUDFWLFHG WKURXJK YLVXDO REVHUYDWLRQ DQG EDVLF
LQVWUXPHQWDWLRQ 6RPH RI WKH EDVLF ZDUQLQJ VLJQV RI VORSH LQVWDELOLW\ DUH WHQVLRQ FUDFNV DEQRUPDO
ZDWHUIORZVEXOJHVRUFUHHSDQGUXEEOHDWWKHWRH*LUDUG7KHFRQYHQWLRQDOPHWKRGVRIVORSH
PRQLWRULQJ KDYH EHHQ E\ ZLUH OLQH H[WHQVRPHWHU LQFOLQRPHWHU ERUHKROH H[WHQVRPHWHU HWF 7KHVH
PHWKRGVODFNWKHSRWHQWLDOWRLGHQWLI\IDLOXUHPHFKDQLVPVLQYROYHGDQGZHUHUHVWULFWHGWRGD\OLJKW7KH
EDVLFREMHFWLYHRIDQ\VORSHPRQLWRULQJSURJUDPVKRXOGEHWRSUHYHQWIDLOXUHVWDNHUHPHGLDOPHDVXUHV
DQG WR SURYLGH VROXWLRQV DJDLQVW LQVWDELOLW\  7KH GHIRUPDWLRQV DUH WR EH FRQWLQXRXVO\ GHWHFWHG DQG
PRQLWRUHGVRWKDWVXLWDEOHSUHYHQWLYHPHDVXUHVFDQEHWDNHQ&XUUHQWO\QHZPHWKRGVDUHHPHUJLQJWR


















,Q PLQHV D QXPEHU RI URERWLF WRWDO VWDWLRQV DOVR NQRZQ DV WKH DXWRPDWHG WRWDO VWDWLRQV DUH




KHDWLQJDQGFRROLQJ7KLV LVREWDLQHGE\XVLQJDQHWZRUNRI WRWDOVWDWLRQV WRDFRPPRQSULVP
7KHWRWDOVWDWLRQVFDQDOVREHOLQNHGWRVDWHOOLWHEDVHGSRVLWLRQLQJV\VWHPVWKDWSURYLGHDEVROXWH
FRQWURO7KHWRWDOVWDWLRQVDUHSODFHGLQVSHFLDOVKHOWHUVWRSURWHFWWKHPIURPEODVWLQJDQGDGYHUVH
VLWHZHDWKHU FRQGLWLRQV$ QXPEHU RI SULVPV DUH LQVWDOOHG RQ WKH VORSH DW UHJXODU VSDFLQJ IRU
PHDVXULQJ PRYHPHQWV DW WKH PRQLWRULQJ SRLQWV 7KH SULVP LQVWDOODWLRQ LV ULVN\ DQG WLPH
FRQVXPLQJ 7KHUH LV D SRVVLELOLW\ WKDW WKH VORSH IDLOXUH ZRXOG RFFXU GXULQJ RU HYHQ EHIRUH
PRQLWRULQJ 7KHVH V\VWHPV DUH FXUUHQWO\ XVHG LQ.XPED ,URQ2UH DQG 3RWJLHWHUVUXV 3ODWLQXP




IRUHDUO\LGHQWLILFDWLRQRIVORSHPRYHPHQWV 7KH PDMRU DGYDQWDJHV LQ SULVP PRQLWRULQJ DUH





• /,'$5 /DVHU LPDJLQJ V\VWHPV RU WKUHHGLPHQVLRQDO VFDQQHUV SURYLGH WKH PRVW LQGHSWK JHRWHFKQLFDO
DQDO\VLV DYDLODEOH ZKLFK LQFOXGH VORSHVWDELOLW\ PRQLWRULQJ GHIRUPDWLRQ PHDVXUHPHQW HWF
:KHQLWFRPHVWRDFFXUDF\VSHHGDQGXVHUIULHQGOLQHVVWKH'VFDQQHUVDUHXQSDUDOOHOHG7KH\
FDQ SURYLGH YLUWXDO FRSLHV RI DPLQH LQPLQXWHVZLWK SKRWRJUDSKLF LPDJHV 7KH VFDQQHUV DUH
EDWWHU\RSHUDWHGDQG UHTXLUHQR OHYHOOLQJ6LPSOHTXLFNDQGSUHFLVH WKH\DUH WKHSLQQDFOHVRI
VXUYH\LQJHTXLSPHQW7KHV\VWHPXVHVSDQDQGWLOWPRXQWWKDWDXWRPDWLFDOO\DGMXVWVWKHVFDQQHU
WR RSHUDWH LQ PXOWLSOH DFFHVVHV 7KLV UHGXFHV WKH RSHUDWRU HUURU DQG LQFUHDVHV DFFXUDF\ 7KLV
PHDQVWKDWWKHVFDQQHUFDQEHVHWXSZLWKRXWDQ\VSHFLILFFRQFHUQVZKLFKJUHDWO\LQFUHDVHVWKH
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WKH VFDQQHG GDWD DOPRVW LQVWDQWDQHRXVO\ YLD DQ (WKHUQHW FRQQHFWLRQ 'HSHQGLQJ RQ UHIOHFWLRQ
FRHIILFLHQW RI WKH WDUJHWV WKH\ FDQ VFDQ XS WR  P ZLWK DFFXUDF\ RI   PP 7KH
FXVWRPL]HGVRIWZDUHDOORZVWKHXVHUWRVSHFLI\PRQLWRULQJSRLQWVDQGIUHTXHQFLHVIRUDFTXLULQJ
GDWD7KHH[DFW;<DQG=FRRUGLQDWHVRIVSHFLILHGSRLQWVWKDWDUHSURJUDPPHGLQVLWXWRWKH
V\VWHP7KLVGDWD LV H[SRUWHG LQ$6&,, IRUPDWV WREH FRPSDWLEOHZLWKPRVWRI WKH DSSOLFDWLRQ
VRIWZDUH¶V&RQWRXUSORWVFDQEHPDGHRIWKHVWUDWDXQGHUREVHUYDWLRQ,W LV WKHUHIRUHDOVRXVHG
IRUORQJWHUPPRQLWRULQJDQGIRULGHQWLI\LQJKLJKDUHDVIRUJURXQGSUREHUDGDU,QWKHDEVHQFHRI





PLQHV7KHDGYDQWDJHVRI WKLVV\VWHPDUHKLJKDFFXUDF\DQGFRVWHIIHFWLYHQHVVRQD ORQJ WHUP
EDVLV ZKHQ FRPSDUHG WR FRQYHQWLRQDO LQVWUXPHQWV OLNH LQFOLQRPHWHUV H[WHQVRPHWHUV DQG
HOHFWURQLFGLVWDQFHPHWHUV
7KH*36V\VWHPKDVDQWHQQDVVSUHDGRYHUWKHUHJLRQLGHQWLILHGIRUPRQLWRULQJWKHVORSH7KHVH
DQWHQQDV XVH WKH GDWD IURP WKH *36 VDWHOOLWHV WR GHWHUPLQH WKHLU UHODWLYH SRVLWLRQV 7KHVH
SRVLWLRQVDUH WKHQ WUDQVIHUUHG WR D FHQWUDO FRPSXWHU FRQQHFWHG WKURXJKD FDEOH7KHFDEOH DOVR
VXSSOLHV SRZHU IRU WKH DQWHQQDV 7KH GDWD DQDO\VHV SHUIRUPHG E\ WKH FRPSXWHU DUH XVHG WR
GHWHUPLQHWKHGLVSODFHPHQWLQWKHVORSHWKDWLVXVHGWRSUHGLFWSRVVLEOHIDLOXUHVLQWKHVORSH7KH
*36 GDWD¶V SUHFLVLRQ LV LQGLFDWHG E\ WKH VWDQGDUG GHYLDWLRQV RI WKH PHDVXUHPHQWV DFURVV WKH
EDVHOLQH 9DULRXV GDWD SURFHVVLQJ WHFKQLTXHV QHHG WR EH DSSOLHG WR *36 GDWD IRU LPSURYLQJ
SUHFLVLRQ7KH7UHQG0RGHOZDVIRXQGWREHPRUHVXLWDEOHPRGHOIRUWKLVGDWDVHW6DNXUDLHW
DO
• 7'5 7LPH 'RPDLQ 5HIOHFWRPHWU\ XVHV WKH SULQFLSOH RI DSSO\LQJ DQ HOHFWULFDO SXOVH WKURXJK D
FRQGXFWRU DQG H[DPLQLQJ WKH UHIOHFWHG HOHFWULFDO SXOVH IRU GLVFRQWLQXLWLHV LQ WKH FRQGXFWLQJ
PDWHULDO :KHQ WKH SRODULW\ DPSOLWXGH DQG IUHTXHQF\ RI WKH UHIOHFWHG SXOVH LV DQDO\VHG WKH
GLVFRQWLQXLW\ RU GDPDJH LQ DPDWHULDO LV REWDLQHG 7KHUH DUH QXPHURXV DSSOLFDWLRQV XVLQJ WKH
SULQFLSOHRI7'5 WKHDSSOLFDWLRQRI WKLVPHWKRGLQVORSHVWDELOLW\LVLQURFNPDVVGHIRUPDWLRQ
PHDVXUHPHQWV *LUDUG  7LPH GRPDLQ UHIOHFWRPHWHU\ ZDV ILUVW XVHG E\ 2¶&RQQRU DQG
'RZOLQJIRUWKHPHDVXUHPHQWRIURFNPDVVGHIRUPDWLRQV7LPHGRPDLQUHIOHFWRPHWHU\LQ
URFNPDVVGHIRUPDWLRQPHDVXUHPHQWVDUHXVHGWRPRQLWRUWKHGDPDJHFDXVHGE\VORSHLQVWDELOLW\
LQPLQLQJ ,QPRQLWRULQJVORSHIDLOXUHVDGULOOKROH LVPDGH LQ WKHVORSHDQGDFRD[LDOFDEOH LV
JURXWHGLQLW&ULPSVDUHSODFHGDWUHJXODULQWHUYDOVDORQJWKHFRD[LDOFDEOH7KHFULPSVUHIOHFW
WKHWUDQVPLWWHGVLJQDOVDORQJWKHFRD[LDOFDEOH$QDO\VLVRIWKHUHIOHFWHGVLJQDOVIURPWKHFRD[LDO








D SUREH LQFOLQRPHWHU FDQ PHDVXUH YHU\ VPDOO PRYHPHQWV LQ URFN PDVV ZKLFK DUH EHORZ WKH





ORFDWLRQ DUH REWDLQHG 7KH OLQHV RI VLJKW IRU WKH REMHFW IURP HDFK ORFDWLRQ DUH LQWHUVHFWHG
PDWKHPDWLFDOO\ WR SURGXFH D WKUHH GLPHQVLRQDO LPDJH RI WKH REMHFW ,W WKHUHE\ KHOSV LQ














WKH JURXQG WKDW DUH LQGLFDWLYH RI JURXQG PRYHPHQWV HQDEOLQJ WKH SUHGLFWLRQ RI IDLOXUHV
)UDFWXULQJLQURFNVUDGLDWHVHLVPLFZDYHV,IWKHVHZDYHVDUHUHFRUGHGE\VHQVRUVVHLVPRJUDPV
FDQEHSURGXFHG%DVHGRQWKHVHLVPRJUDPVWKHRULJLQORFDWLRQDQGVRXUFHRIWKHVHLVPLFZDYHV
FDQ EH GHWHUPLQHG7KLVPDNHVZD\ IRU TXDQWLI\LQJ IDLOXUHV LQ WKUHH GLPHQVLRQDO URFNVPDVV
8VLQJVHLVPLFGDWD WKH IUDFWXUHVL]HVDQG ORFDWLRQDUHREWDLQHG7KHJURXQGPRYHPHQWGXH WR









GDWD LV UHTXLUHG WRDQDO\VH WKHPLFURVHLVPLFDFWLYLW\ LQ WKHSLW VORSHV7KHVHQVRUVDUHPRVWO\
HQHUJL]HGE\VRODUSRZHU7KHVHQVRUVKDYHDWZRZD\FRPPXQLFDWLRQZLWKDUHPRWHPRQLWRULQJ
FRPSXWHU )RU SURSHU VHLVPLF PRQLWRULQJ WKH VHQVRUV VKRXOG VXUURXQG WKH URFN PDVV EHLQJ
PRQLWRUHG ,Q DQ RSHQ SLW PLQH WKH VHQVRUV PXVW EH ORFDWHG DW WKH WRS DQG ERWWRP RI WKH
PRQLWRUHGYROXPH7KHKROHVDUH LQDQ LQFOLQHGGLUHFWLRQDQGDFRPELQDWLRQRIVKRUWDQGORQJ
KROHVDUHXVHG/LWWOH6HLVPLFPRQLWRULQJFDQJLYHDQLQGLFDWLRQRIWKHVHLVPLFDFWLYLW\RI
WKH JHRORJLF VWUXFWXUH ,W DOVR KHOSV WR LGHQWLI\ RWKHU XQNQRZQ JHRORJLF VWUXFWXUHV XVLQJ WKH
SODQHVRIZHDNQHVVGHILQHGE\VHLVPLFHYHQWV/\QFKHWDO




IL[HG LQ DQ\ ORFDWLRQ XVLQJ GLIIHUHQWLDO LQIHURPHWU\ WKH V\VWHP FDQ GHWHFW GHIRUPDWLRQ RI WKH
VWUDWDURXQGWKHFORFN2QFHLQVWDOOHGLWWDNHVSKRWRJUDSKVDQGVFDQVWKHDUHDXQGHUREVHUYDWLRQ
7KHDGYDQWDJHRI665V\VWHPLV WKDW LWFDQGHWHFWDQGDOHUWPRYHPHQWVRI WKHVWUDWDZLWKVXE





WR IDLOXUHV FDXVHG LPPHGLDWHO\ DIWHU H[FDYDWLRQ 7KH YDULRXV FRORXUV XVHG DUH 5HG 2UDQJH


























7HFKQRORJ\ 8SGDWHUDWH 5DQJH 'HSOR\PHQW $OOZHDWKHU
5RERWLFVWRWDOVWDWLRQ 7ZLFHGD\ NP 'LIILFXOW 1R
/,'$5 a6HFRQGV P (DV\ 1R
6605 aPLQXWHV P (DV\ <HV
*36 aVHFRQGV 1$ 'LIILFXOW <HV
7'5 aVHFRQGV 1$ 'LIILFXOW <HV
3KRWRJUDPPHWU\ +RXUV P 0RGHUDWH 1R
0LFURVHLVPLF &RQWLQXRXV P (DV\ <HV
:RUNLQJPHWKRGRORJ\RI6ORSH6WDELOLW\0LQLQJ5DGDU6605
*HQHUDOYLHZ,Q2SHQFDVWPLQHVLQ,QGLDPDLQLVVXHRIURFNVORSHIDLOXUHRIPLQHV2IWHQPDQ\
DFFLGHQWV GXH WR VORSH IDLOXUH DQG VXIIHUHGPDQSRZHU DQLPDOV HWF LQPRGHUQ VFHQDULR JHRWHFKQLFDO
HQJLQHHUVKDYHXVHGQHZWHFKQRORJ\IRUVORSHIDLOXUHLQIRUPDWLRQZLWKRXWHQWHULQJGLVDVWHUSODFHV,WLV
YLWDO UROHRIJHRWHFKQLFDO HQJLQHHU DQGXQLTXH WHFKQLTXH WRGHWHUPLQHG ODQGVOLGH IDLOXUHE\ VFDQQLQJ
ODQGVXUIDFH6ORSHPRYHPHQWLVPRVWFRPPRQLQRSHQSLWPLQHV6HYHUDOPLQHVFRQWLQXHWRRSHUDWH
VDIHO\ZLWKPRYLQJVORSHVZLWKWKHKHOSRIPRQLWRULQJWRHQDEOHWLPHO\ZDUQLQJDJDLQVWGHWHULRUDWLQJ
VWDELOLW\ FRQGLWLRQV 6ORSHV DUH GHVLJQHG ZLWK D IDFWRU RI VDIHW\ WR FRQWURO WKH ULVN RI LQMXU\ DQG
HTXLSPHQW GDPDJH GXH WR OLNHO\ GDQJHU RI VORSH IDLOXUHV DQG URFN IDOOV*HRORJLFDO VWUXFWXUHV URFN
PDVVSURSHUWLHVDQGK\GURORJLFFRQGLWLRQVDUHLPSRUWDQWHOHPHQWVIRUGHVLJQRIVDIHDQGHIILFLHQWVORSH
VWUXFWXUHV *URXQGZDWHU VXUIDFH ZDWHU DQG SUHFLSLWDWLRQ UXQRII FDQ EH FRQWUROOHG WR DEDWH WKHLU
GHOHWHULRXVHIIHFWVRQ VWDELOLW\%HQFKHVDQGEHDPVDUHQRUPDOO\XVHG WRVWRS URFNVSULRU WR IDOO DQG
SRVHDVLJQLILFDQWKD]DUG0HFKDQLFDOURFNIDOOFDWFKPHQWV\VWHPVRUVHFRQGDU\VXSSRUWVPD\DOVREH






UHVXOWLQJ LQ DFFXPXODWLYHPRYHPHQW RI WHQV RIPHWHUV 6XFKPRYHPHQWPD\ EH VXSHULPSRVHG IRU D
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7KXV WKLV SDSHU SUHVHQWV D EULHI RYHUYLHZ RI WKH UROH RI PLQLQJ UDGDU LQ PLQH VORSH VWDELOLW\
PRQLWRULQJ DW RSHQ FDVW PLQHV DQG UHFHQW GHYHORSPHQWV DYDLODEOH IRU VORSH PRQLWRULQJ 3ULVP
PRQLWRULQJ LV OLPLWHG LQ XVDJH ZKHQ WKHUH LV D SUHVHQFH RI PDFKLQHU\ LQ WKH QHDU YLFLQLW\ DQG WKH
DEVHQFHRIRSHQVN\DIIHFWVWKHPHDVXUHPHQWV/DVHUVFDQQLQJV\VWHPVKDYHWKHVDPHGLVDGYDQWDJHRI






PLQHV ,WRIIHUVXQSUHFHGHQWHG VXEPLOOLPHWHUSUHFLVLRQDQGEURDGDUHD FRYHUDJHRIZDOOPRYHPHQWV
WKURXJK UDLQ GXVW DQG VPRNH 7KH UHDOWLPH GLVSOD\ RI WKH PRYHPHQW RI 0LQH ZDOOV KDV DOORZHG
FRQWLQXRXVPDQDJHPHQWRIWKHULVNRIVORSHLQVWDELOLW\DWDPLQHRSHUDWLRQV OHYHO7KHUHDUH WZRNH\
UROHVZKHUHPLQHVDUHQRZXVLQJWKHVORSHVWDELOLW\UDGDU
a. 6DIHW\ &ULWLFDO 0RQLWRULQJ 7KH UDGDU LV XVHG GXULQJ PLQLQJ SURGXFWLRQ DV D SULPDU\
PRQLWRULQJWRRORIDGHVLJQDWHGXQVWDEOHVORSH
b. &DPSDLJQ 0RQLWRULQJ 7KH UDGDU LV PRYHG DURXQG WKH PLQH LQ D UHSHDWDEOH PDQQHU WR
FRPSDUH PRYHPHQWV DW HDFK VLWH RYHU DQ H[WHQGHG WLPH DQG GHWHUPLQH SUREOHPDWLF DUHDV
&DPSDLJQ PRQLWRULQJ LQ WKLV PDQQHU LV RIWHQ XVHG LQ PHWDOOLF IHUURXV PLQHV XQWLO
GHWHUPLQDWLRQRIGHYHORSLQJIDLOXUHLVREVHUYHG
c. 7KH6605WHFKQRORJ\KDVHQDEOHGDUDGLFDOFKDQJHLQWKHPDQDJHPHQWRIULVNVLQRSHQFXW
PLQLQJ RSHUDWLRQV ZKLFK KDV UHVXOWHG LQ D UDSLG WDNHXS RI WKH WHFKQRORJ\ WKURXJKRXW WKH
ZRUOGWRGDWH$WDQXPEHURIPLQHV WKH665LVQRZDQLQWHJUDOSDUWRIWKHPLQHSURYLGLQJ
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